Introduction: Pre-exposure prophylaxis (PrEP) offers as much as 90% protection against HIV transmission. However, the effectiveness of PrEP depends on uptake and adherence to even intermittent dosing. Along with intoxication leading to unintentional non-adherence, believing that alcohol mixed with pharmaceuticals is harmful (i.e., interactive toxicity beliefs) may lead to poor uptake and intentional non-adherence. Methods: HIV-negative sexually active men who have sex with men (N = 272) at a large Gay Pride event in Atlanta, GA, completed anonymous surveys of demographic characteristics, sexual behaviour, alcohol use and PrEP-related alcohol interactive toxicity beliefs. Results: A total of 118 (43%) men surveyed had two or more male sex partners and condomless anal sex in the previous six months. Alcohol use was reported by over 90% of men and it was common for participants to believe that mixing alcohol and antiretrovirals is toxic; 75% endorsed at least one interactive toxicity belief. Among the 118 men who had engaged in condomless anal sex and had multiple sex partners, one in three stated that they were not interested in PrEP and men not interested in PrEP were significantly more likely to binge drink and hold interactive toxicity beliefs. Conclusions: These results mirror studies that find interactive toxicity beliefs are a potent predictor of intentional antiretroviral non-adherence among people living with HIV and suggest interactive toxicity beliefs may impede PrEP uptake and adherence. Messages to increase PrEP awareness and adherence may also take steps to counter erroneous beliefs about mixing alcohol with antiretrovirals in the context of PrEP.
Introduction
Antiretroviral (ARV) medications are now at the forefront of HIV prevention, with pre-exposure prophylaxis (PrEP) offering the potential for protection against HIV transmission [1] . Most compelling are results of the iPrEx trial, which indicated that ARV exposure, specifically Truvadathe combination of emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF) -resulted in a 44% reduction in HIV incidence. Among the 100 men in iPrEx who became HIV infected, 36 received PrEP. However, ARV was detected in only 9% of infected men, indicating that PrEP resulted in over 90% protection. The difference between the 44% protection in overall findings versus 90% protection in the sub-analyses lies in adherence to a daily PrEP regimen [2] [3] [4] . Moreover, patterns of pill taking may strongly influence PrEP efficacy, with protection dropping to 34% with consecutive days of nonadherence [5] . As PrEP is scaled-up and targeted to populations at greatest risk for HIV infection, increased attention is needed to assure optimal levels of PrEP adherence [6] .
Among the most robust threats to ARV adherence is substance use [7, 8] . For example, individuals who use stimulants perceive greater concern that substance use can interfere with PrEP [9] . Furthermore, these concerns may impede uptake of PrEP among substance using individuals at risk for HIV, including men who have sex with men (MSM) [10] . All drugs of abuse may impede uptake and adherence to PrEP [11] , with alcohol use posing the most common challenge [12, 13] . Alcohol use impacts ARV adherence through multiple mechanisms, including disrupting memory, attention and sleep [14, 15] . In parallel to therapeutic use of ARV, alcohol use is also associated with PrEP non-adherence [16] . While alcohol intoxication clearly leads to unintentional non-adherence, alcohol drinkers may also intentionally forego taking ARV because they believe that mixing alcohol with pharmaceuticals is harmful, referred to as interactive toxicity beliefs [17, 18] . As many as one in four people living with HIV who drink alcohol stop taking ARV when drinking because they hold interactive toxicity beliefs [19, 20] . These beliefs are common among people living with HIV, with more than half of HIV positive drinkers who take ARV stopping treatment when they are drinking [20] . Interactive toxicity beliefs are prevalent and directly associated with intentional non-adherence to the therapeutic use of ARV [18, 21, 22] . While these same beliefs may lead to hesitation to start PrEP as well as PrEP non-adherence, we are not aware of any research examining the potential for interactive toxicity beliefs to impede PrEP use.
Because alcohol use is a robust predictor of sexual risks in populations vulnerable to HIV, drinking is likely prevalent among individuals who are candidates for PrEP [9] . Interactive toxicity beliefs directed towards PrEP may therefore risk PrEP refusal and intentional PrEP non-adherence. The current study focuses on PrEP interactive toxicity beliefs among MSM; 67% of US HIV infections occur among MSM and PrEP promotion in the US is most visibly targeted to this population [23] . We examined the degree to which MSM who may be appropriate for PrEP hold alcohol interactive toxicity beliefs and whether these beliefs may impede PrEP use.
Methods
Participants, setting and procedures Participants were 394 men surveyed at the Atlanta Gay Pride Festival in October 2015. Surveys were collected using venue sampling procedures that have been reported in previous studies [10, 24] . Participants were told that the survey was about health behaviours, contained personal questions about their behaviour, was anonymous, and would take 15 minutes to complete. Eighty per cent of men approached agreed to complete the survey. Participant names were not obtained on the surveys. Participants were offered $5 for completing the survey with an additional $5 donated to a local AIDS service organization. Participants provided a first name and last initial on receipts for payments unassociated with the surveys. We examined the surveys for completeness and checked for potential repeated surveys using the receipts. No repeat surveys were identified. The survey for this study is available as supplementary materials.
Ethical approval and consent All participants were age 18 and older and provided verbal informed consent in compliance with conducting self-administered anonymous surveys.
Measures

Demographic characteristics
Participants were asked their age, years of education, income and race. Openness about sexual orientation was assessed with the item "How out are you about your sexual orientation?" with responses "not out about sexual orientation", "sometimes out about sexual orientation" and "out about sexual orientation". Participants also reported whether they had been tested for HIV and the result of their most recent HIV test.
Sexual behaviour
Participants reported the number of times they had engaged in anal intercourse as the insertive and receptive partner, with and without condoms in the past six months. Participants also recorded the number of sexual partners with whom they had engaged in each behaviour. Open response formats were used for the sexual behaviour measures to reduce response bias and to minimize measurement error [25] . Proportion of condom use during anal intercourse was calculated with the formula frequency of condom protected acts/total frequency of acts. Measures similar to these have been found reliable in self-reported sexual behaviour assessments [25, 26] .
Substance use
Three alcohol use items were adapted from the consumption scale of the Alcohol Use Disorders Identification Test [27, 28] , and were used to assess frequency and quantity of alcohol use with reference to current drinking. Specifically, we asked "how often do you have a drink containing alcohol?",w i t h responses "never", "monthly or less", "2-4t i m e sam o n t h ", "2-3 times a week" or "more than 4 times week". Responses were recoded to represent none, monthly or at least weekly drinking. Quantity of alcohol consumption was assessed in terms of numbers of drinks in a typical drinking session, specifically "how may drinks containing alcohol do you have on a typical day when you are drinking?" (response categories shown in results). Finally, binge drinking was assessed using the item "How often do you have 6 or more drinks on one occasion?", responses were "never", "less than monthly", "monthly", "weekly" and "daily or almost daily" recoded to represent never, less than monthly and monthly or more often binge drinking. Participants were also asked whether they used cannabis, powder or crack cocaine, or other non-prescription drugs in the past six months coded dichotomously, Yes/No.
PrEP awareness
Participants were asked about their awareness and interest in PrEP. These measures specified the use of Truvada, the brand name for FTC/TDF, which is FDA approved for PrEP use. Items were adapted from previous research on PrEP awareness among MSM [29] . First, we provided participants with a standard definition of PrEP. Specifically, as part of the instructions the survey read "PrEP (pre-exposure prophylaxis) is when an HIV-negative person takes anti-HIV medications, also known as antiretrovirals and more specifically Truvada, BEFORE HAVING SEX to prevent HIV infection". Participants responded Yes or No to each of the following: "Have you ever heard of PrEP?", "Do you know anyone who is taking PrEP?", "Are you currently taking PrEP?" and "Would you be interested in taking PrEP?".
PrEP-related interactive toxicity beliefs
Truvada can itself have mild side effects, which can be amplified when mixed with alcohol. The Truvada pharmaceutical packaging states "Truvada may cause dizziness. This effect may be worse if you take it with alcohol or certain medicines. Use Truvada with caution. Do not drive or perform other possibly unsafe tasks until you know how you react to it". Thus, mixing Truvada with alcohol is not completely benign, but does not raise significant toxicity concerns, and there is no warning of health complications resulting from mixing Truvada with alcohol. We used five items to assess PrEP-related alcohol interactive toxicity beliefs that directly reflect beliefs regarding the potential health hazards from mixing alcohol with Truvada. Items were adapted from previous studies of therapeutic use of ARV and alcohol interactive toxicity beliefs [18, 21] . Items are shown in the results and were responded to using a 4point scale, from "Strongly disagree" to "Strongly agree". Responses were dichotomized as agreement and disagreement for ease of interpretation. Interactive toxicity belief scores were also computed by taking the mean for the full range of responses, α = .89.
Data quality assurances and data analyses
All surveys were examined for inconsistencies and invalid responses that were treated as missing values (less than 5%), resulting in slightly different "n"s for analyses. For the purposes of this study, all main analyses were restricted to men who were sexually active with a male partner in the past six months and did not report having tested HIV positive. Within this sample, we used the following criteria to define men who were potentially appropriate for PrEP, or PrEP candidates; self-identified men who reported two or more male sex partners in the previous six months and at least one occasion of condomless anal intercourse. These criteria are narrower than the CDC PrEP guidelines, which include long-term serodiscordant partnerships and recent sexually transmitted infections [30] . We therefore focused on a subset of MSM who engage in behaviour well recognized as high risk for HIV infection and targeted by PrEP awareness campaigns [31] . We first compared men who were PrEP candidates (n = 118) to their non-candidate sexually active counterparts (n = 154). Second, we restricted the sample to only those participants who were defined as PrEP candidates and were currently drinking alcohol (n = 108) and compared men who were interested or currently taking PrEP (n = 73) to men who were not interested in PrEP (n = 35). This sub-analysis concentrated on participants who reported current alcohol use, the most relevant individuals in terms of questions of alcohol interactive toxicity beliefs and PrEP. Finally, we tested a multivariable model of interactive toxicity beliefs as predictors of interest in PrEP among MSM who drink and were candidates for PrEP. Analyses were performed using logistic regressions reporting odds ratios (OR) with 95% confidence intervals (95% CI). Data analyses were performed using SPSS, version 23.
Results
A total of 394 men completed surveys, of which 66 (17%) were HIV positive and 56 (14%) reported no same sex behaviour in the previous six months. The final sample therefore consisted of 272 sexually active MSM who had not tested HIV positive. A total of 118 (43%) men engaged in condomless anal sex and had multiple sex partners, defined here as PrEP candidates. The median number of condomless anal intercourse acts during that time period was four, ranging from 1 to 102. PrEP candidates had lower incomes, were younger, less likely to have health insurance, and less likely to have a healthcare provider, had significantly more male partners, were more likely to know someone taking PrEP and were more interested in taking PrEP (see Table 1 ).
Substance use among PrEP candidates and non-candidates
The majority of men (91%) reported current alcohol use, with 47% drinking lightly (1-2 drinks per session). However, nearly two out of three men reported binge drinking. There was a trend towards PrEP candidates being more likely to binge drink than those who were not PrEP candidates. PrEP candidates were also more likely to report recent cannabis and other drug use (see Table 2 ).
Interactive toxicity beliefs among PrEP candidates and non-candidates
More than 75% of participants endorsed at least one PrEPrelated alcohol interactive toxicity belief, with 61% (168/ 272) of the sample stating that alcohol and PrEP should never be mixed and 42% (115/272) stating that a person should stop taking PrEP if they are drinking (see Table 2 ). More than half of the sample endorsed three or more PrEPrelated alcohol interactive toxicity beliefs, with an average of 2.6 (SD = 0.85) interactive toxicity beliefs endorsed. The prevalence of alcohol interactive toxicity beliefs was therefore high, and there were no significant differences between PrEP candidates and non-candidates in their rates of endorsing interactive toxicity beliefs.
Interactive toxicity beliefs among PrEP candidates who drink and are not or are interested in taking PrEP Among the 118 men who were candidates for PrEP, ten did not report current alcohol use and were removed from these analyses. For the 108 PrEP candidates who currently used alcohol, 73 (66%) were interested in using PrEP (see Table 3 ). With respect to binge drinking, men who were interested in PrEP were more likely to binge drink on monthly or less frequently basis but were less likely to binge drink monthly or more often. Thus, men interested in PrEP were more likely to be infrequent binge drinkers, but not frequent binge drinkers. Nearly all individuals interested in PrEP (91%) had previously heard about PrEP compared to 37% of those not interested. In addition, 67% of interested persons knew someone taking PrEP compared to 23% of the non-interested.
Overall, more than three in four participants who were alcohol-using PrEP candidates endorsed at least one interactive toxicity belief. PrEP candidates who were not interested in using PrEP endorsed more PrEP-related alcohol interactive toxicity beliefs. Men who were not interested in PrEP were more likely to believe that a person should stop taking PrEP when drinking, and that mixing PrEP with alcohol renders PrEP less effective and toxic. However, more than two-thirds of men interested in PrEP still endorsed at least one interactive toxicity belief, with 30% stating that PrEP should be stopped when drinking (see Table 3 ).
The multivariable logistic regression model predicting PrEP interest from interactive toxicity beliefs among alcohol using PrEP candidates, controlling for age, race, years of education, employment status, income, number of male sex partners, knowing someone taking PrEP, frequency of alcohol use and binge drinking was significant, X 2 (10) = 40.20, p <. 0 1 .M e n interested in PrEP were significantly more likely to know someone taking PrEP, OR = 17.09, p < .01, 95% CI = 3.70-78.90, less likely to drink binge, OR = 0.34, p <. 0 1 ,9 5 % CI = 0.16-0.73, and were less likely to endorse alcohol interactive toxicity beliefs, OR = 0.43, p < .05, 95% CI = 0.19-0.93.
Interactive toxicity beliefs among men taking PrEP
A total of 24 participants, 9% of the sample and 20% of men who we defined as PrEP candidates, indicated that they were currently taking PrEP. Alcohol use was common among PrEP users, with 21 (88%) reporting current alcohol use and 13 (54%) binge drinking. PrEP-related alcohol interactive toxicity beliefs among men taking PrEP mirrored those observed in the larger sample with 50% of men taking PrEP endorsing at least one interactive toxicity belief and one-in-four endorsing multiple beliefs. One third of men taking PrEP indicated that alcohol and PrEP should never be mixed.
Discussion
This is the first study that we are aware of that examines interactive alcohol toxicity beliefs in a population targeted for HIV PrEP. Consistent with a growing body of research that shows beliefs that mixing alcohol with ARV leads to intentional non-adherence among some alcohol and drug users living with HIV [20, 21, 32, 33] , we found that interactive toxicity beliefs may impede PrEP uptake and adherence. A majority of men surveyed held alcohol-PrEP interactive toxicity beliefs, with three out of four endorsing at least one belief that mixing alcohol and ARV is Note: OR = odds ratio; CI = confidence interval; MSM = men who have sex with men; PrEP = pre-exposure prophylaxis; +p < .10, *p < .05, **p < .01.
dangerous. Among men who were PrEP candidates, interactive toxicity beliefs were more prevalent among men who were not interested in PrEP than those men who were interested. In a multivariable model knowing someone who has taken PrEP, binge drinking and interactive toxicity beliefs differentiated PrEP candidates who were and were not interested in PrEP. Thus, it is possible that binge drinking and alcohol interactive toxicity beliefs contribute to diminished interest in PrEP, while knowing someone who uses PrEP has the opposite effect. In addition, two out of three PrEP candidates who are interested in PrEP endorsed interactive toxicity beliefs that are known to predict intentional non-adherence among people living with HIV [21] . These results suggest that alcohol interactive toxicity beliefs are a potential barrier to PrEP uptake and adherence, particularly among men who drink in greater quantities. The current findings should be considered in light of the study methodological limitations. This study was a cross-sectional survey with a convenience sample of men attending a large gay pride event in a city in the southeastern USA. It is likely that our sample over-represents men who are open about their sexual orientation and connected to the lesbian, gay, bisexual and transgender (LGBT) community. Our sample size was also relatively small in size with some analyses based on sparse cells and large confidence intervals. In addition, we did not use current CDC guidelines to define PrEP candidates. Rather, we used a narrower definition based on multiple partners and condomless anal sex. Our survey also relied on self-reports of socially sensitive behaviours. Although using an anonymous procedure minimized the potential influences of social desirability, studies such as ours can still yield biased data, and these biases must be considered when interpreting our findings. Another potential constraint on our results is the risk for individuals to complete multiple surveys for the incentive payment. Although we had a procedure for Note: OR = odds ratio; CI = confidence interval; MSM = men who have sex with men; PrEP = pre-exposure prophylaxis; +p < .07, **p < .01.
protecting against repeat surveys, we cannot be certain this did not occur. Our study also focused on alcohol use and alcohol-related beliefs. We recognize the potential for interactive toxicity beliefs in relation to other drugs and PrEP use. The association between alcohol and other drugs may influence interactive toxicity beliefs and should be examined in future research. Acknowledging these limitations, we believe that our findings have important implications for implementing and scaling-up PrEP. Note: OR = odds ratio; CI = confidence interval; MSM = men who have sex with men; PrEP = pre-exposure prophylaxis; **p < .01.
Scaling-up PrEP has the potential to alter the course of HIV epidemics, but faces multiple challenges including increasing PrEP awareness and increasing access to health services for the uninsured [10, 29] . Interactive toxicity beliefs are prevalent and may stem from an over-generalization of the potential mild interactions of Truvada and alcohol as well as recommendations to not drink when taking any medications that adversely interact with alcohol [34] . Medication adherence is hampered by concerns about side effects, dependence, and adverse outcomes [35] . In addition, PrEP carries added concerns about stigmas that are assumed with sexual risks [36] . Along with these concerns, providers should assess and directly address alcohol interactive toxicity beliefs among PrEP candidates. Failure to discuss the safety of alcohol use while taking PrEP will leave erroneous beliefs unchecked and risk PrEP refusal and intentional non-adherence.
